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ABSTRACT

Tuber disks from four cultivars of Solanum

tuberosum L. were

cultured on a Murashige and Skoog medium supplemented with B5
vitamins, 3.0 % sucrose, 0.7 % phytagar and ratios of indole-3actyl-aspartic acid (lAAa) and zeatin riboside (ZR).

No shoots

were regenerated from Red LaSoda. Russet Burbank, Desiree, and
LaBelle tuber disks produced shoots over a range of lAAa and ZR
ratios.

The greatest number of shoots was

regenerated

from

Russet Burbank at 1pM lAAa and 8pM ZR.
Different potato cultivars were also tested for their responses
to A g r o b a c t e r iu m

infections.

Growth

stage

of

the

bacterial

cultures and exposure duration of tuber disks to bacteria did not
have a significant effect. However, significant differences among
the cultivars in their responses to infection from A.

rhizogenes

and A. tumefaciens strains were observed.
When effects of lytic peptides SB-37 and Shiva-1 on growth of
plant

pathogenic fungi

were

tested,

a

complete

inhibition

was

observed at 10-3 m, whereas, a mild stimulation of growth was
noted at 10-5 M. The effect of SB-37 on tobacco-cell suspensions
was also tested. Cell growth was inhibited at 10-3 m and some
what arrested at 10-4 M. At 10-6 M and 10-7 M SB-37 growth of the
cells was stimulated.
Leaf

disks

( N icotia na

from

tra n sg e n ic

and

nontra nsge nic

tobacco

tabacum L.) plants were exposed to a disarmed A .

tu m e fa cie n s containing genes in a binary vector arrangement with
one set of constructs for antibacterial (lytic) peptides and with
another set of constructs for high essential amino acids (HEAA) II.
Positive beta-glucuronidase (GUS) activity indicated that transfor
mation had been obtained for both transgenic and nontransgenic
plants.

Although

GUS

positive

plants

were

obtained

with

A.

tu m e fa cie n s carrying HEAA II, transgenic plants were not exposed
to this vector.
Kanamycin resistant shoots regenerated from Russet Burbank
tuber disks infected with binary A.

tum efaciens vectors carrying

antibacterial and HEAA II genes were also obtained.

INTRODUCTION

Dramatic progress in recombinant DNA technology has led to
high

expectations for plant

improvement.

Theoretically,

genetic

engineering techniques make possible the isolation and m odifica
tion of genes, and when used in combination with tissue culture, a
selected gene may be introduced
accom panim ent

of undesirable

into the plant genome without the
characteristics.

Traditional

plant

breeding which relies on crossing-over, segregation, and recombina
tion seldom results in the movement of a single or a few genes at a
tim e .
Recombinant

DNA technology currently involves two basic ap

proaches to gene transfer: 1) direct DNA transfer and 2) mediated
gene transfer via vectors. Direct delivery of DNA into protoplasts
can be accomplished by electroporation or microinjection. However,
d iffic u lty

with

protoplast

isolation

and

plant

regeneration

from

protoplasts for many im portant crop species has prevented wide
utilization
method

of

this

approach.

which utilizes tungsten

Another

particles has

direct-D N A -delivery
allowed

transgenic

expression of foreign genes in important monocotyledonous crop
species, but this particle bombardment system requires expensive
equipment. Basically, there are three major groups of gene transfer
vectors for plants. These are the Ti and Ri plasmids of A g ro b a c te riu m

tu m e fa c ie n s and A.

Caulim oviruses

rh iz o g e n e s ,

(double stranded

re sp e ctive ly;

the

DNA); and the Gemini viruses

(single stranded DNA) (Mantell et al., 1985). Virus vectors have the
disadvantages of restricted host range, cloning constraints as to
the quantity of foreign DNA that can be introduced, and stability of
inheritance. These viruses are not integrated into the cell's nuclear
genome and replicate autonomously.
Among the various gene transfer vectors, A.

tum efaciens has

been utilized most frequently to produce transgenic plants. This
bacterium which

causes the tum oregenic disease called "crown

gail" possesses machinery capable of transferring a piece of its
DNA into the genomes of dicotyledonous plants. However, notable
differences in responses to infection of dicots by A.

tum efaciens

have been observed. Some S o la n a c e o u s plants like tobacco and
petunia are transform ed

readily

by A.

tum e fa cie ns]

w hereas,

com m ercially im portant species like potato and tomato have been

found more difficult to transform. Considerable differences among
cultivars in their responses to A g ro b a c te riu m infections have also
been observed.
Irish potato (Solanum

tuberosum L.) and tobacco (N ic o tia n a

tabacum L.) were chosen as species to study parameters associated
with A g ro b a c te riu m
the objectives of the
factors

which

mediated gene transform ation.
research

contribute

to

reported

e fficie nt

Specifically,

herein were to identify

regeneration

and

factors

which enhance transformation for selected potato cultivars, and to
dem onstrate the transform ation

of tobacco

plants with

antibac

terial genes and a gene encoding high levels of essential amino
acids.

LITERATURE REVIEW

Agrobacterium as a Vector for Gene Transformation
A. tum efaciens and A. rhizogenes are soil bacteria that induce
"crown

gall"

and

"hairy

roots", respectively, in

tissues

(Binns and Thomashow, 1988).

infected

There are several

plant
recent

reviews on the cell biology of A g ro b a c te riu m infection and transfor
mation

of plant cells

(Klee

S chell,1987; Stacheil,1986).

et al.

1987;

Nester et al.

1984;

The interactions between A g ro b a c 

te riu m and the plant cells begin with the attachment of the bac
terium

to the plant cell surface (Matthyse et al., 1981).

chrom osom al

loci

have

been

identified

as

having

roles

Four
in

A.

tum e fa cie ns attachment to plant cells: chv A, chv B (Puvanesarajah
et al., 1985), p s c A (Cangelosi et. al., 1987), and a fourth that has
been suggested to be responsible from the synthesis of a polypep
tide found on the

bacterial cell wall

(Matthyse, 1987).

Three

sets

of genes on the Ti plasmid are required for hyperplasias (symptoms
related to the hormonal imbalances caused by infection) by A .
tum efaciens (Nester and Kosuge, 1981).

The vir genes (Klee et al.,

1983; Hille et al., 1984) and the 25-bp border sequences that flank
the T-DNA (Zambaryski et al., 1983) are required for

processing of

the T-DNA in the bacterium and its transfer into the plant cell.

The

third set of genes is responsible for the synthesis of enzymes that
catalyze the synthesis of the auxin indole-3-acetic acid (Schroder
et

a l.,1 9 8 4 )

and

the

c y to k in in

is o -p e n te n y la d e n o s in e

5'-

monophosphate (Barry et al., 1984), and unique metabolites called
opines that can be catabolized by A g ro b a c te riu m
al.,1981).
activated

After attachm ent to the cell surface,

(Garfinkel et
v ir genes are

by phenolic compounds exudated from wounded plant

tissue (An, 1985; Stachel et al., 1985).

It has been found that the

vir genes can function in trans with respect to the T-DNA, i. e., they
facilitate the processing and the transfer of T-DNA but are not
incorporated into the plant chromosomes (de Fraumond et al., 1983).
If the T-DNA plus the border sequences are carried on a plasmid
separate

from

the

v ir genes,

(Hoekema et al., 1983).

T-DNA

transfer

may

still

occur

This has allowed the developm ent of

"binary vectors" which are considerably easier to manipulate than
the "cointegrating vectors" with

intact Ti plasm ids (Klee et al.,

1987).
After the induction of v ir genes, c/s-acting
that flank all T-DNA

segments from

either

border

sequences

Ri or Ti plasmids

(Slightom et al., 1986; Yadow et al., 1982) are nicked at the bottom
to form linear single-stranded T-DNA m olecules (Albright et al.,
1987).

Although the details are not well understood, Gheyson et al.

(1987) have proposed that this single-stranded T-DNA is trans
ferred to the plant cell as a protein-DNA complex and randomly
ligated to the plant chromosomal DNA.
The last phase of the A g ro b a c te riu m -plant-cell

interaction

is

the expression of the T-DNA that is integrated into plant DNA.
Barker et al. (1983) have sequenced the T-DNA region of an octapine
type A. tumefaciens which encoded genes for auxin indole-3-acetic
acid and cytokinin iso-pentyladenosine 5'-monophosphate (Akiyoshi
et al., 1984; Barry et al., 1984).

The tms genes encode the enzymes

for the synthesis of indole-3-acetic acid.

The tm s1 gene encodes

for tryptophan 2-monooxyganase that converts tryptophan to indole3-acetamide (Van Onckelen et al., 1986), and the tm s2 gene encodes

for indole acetamide hydrolase which catalyses the reaction from
indole-3 acetamide to indole-3-acetic acid (Schroder et al., 1984;
Thomashow et al.,1986).
tified the genetic

Cardelli et al. (1985,1987) have iden

loci of the Ri plasmid of A .

rh izo g e n e s that

causes over production of auxins by infected plant tissues.
addition to over production

In

of phytohormones, T-DNA of the Ri

plasmid also possesses genes that encode for the synthesis of
opines which are quite diverse in contrast to the opines encoded by
the Ti plasmid (Tempe and Goldman, 1982).
There have been a few cases where the reversal of the tumorous
state of crown gall tissue has been achieved (Nester and Kosuge,
1985).

Since only the vir region

and the border sequences of the Ti

plasmid are required for the transfer of T-DNA, several binary
vector systems have been developed by deleting the oncogenic
genes of the Ti plasmid (Bevan, 1984; Yanofsky et al.,
Likewise,

1985).

cointegrating vectors have been developed in which the

tum or inducing genes were replaced by selectable marker genes
(Herrera-Estrella et al., 1983; Fraley et al., 1985; Klee et al., 1985).
Simpson et al. (1986) and Hamill et al. (1987) also reported that
disarmed binary vectors derived from A. tumefaciens could function

disarmed binary vectors derived from A. tumefaciens could function
in A. rhizogenes.
Since only a small portion of the plant cells are transformed by
A g r o b a c te r iu m , it is necessary to have a practical method of
identifying transform ed celts. This has been achieved

by incor

porating a gene that encodes for neomycin phosphotransferase I!
into the T-DNA (Bevan

et al.,

1983).

Cells transform ed with

neomycin phosphotransferase II have been found to be resistant to
kanamycin monosulfate (Herrera-Estrella et al., 1983; Fraley et al.,
1983).

A nother

w idely

hygromycin B resistance.

used

selectable

m arker

is

th a t

for

A hygromycin phosphotransferase coding

sequence, isolated from an E. coli plasmid, when transferred to
tobacco cells has conferred resistance to the cells so that they
will grow in the presence of hygromycin B at levels up to 50 mg/l
{Waldron et al., 1985).
associated

w ith

There are other selectable markers that are

an tibiotic

resistance

and

some

with

herbicide

tolerance (Walden, 1989).
Besides selectable markers, scorable markers are also used to
identify transformed cells.
in v e s tig a te

levels

of

These scorable markers can be used to
gene

a c tiv ity

{W alden,

1989).

B eta-

glucuronidase (GUS), a widely used marker derived from E. coli, is a
hydrolase that cleaves beta-glucuronides (Jefferson, 1987).
enables

a

fluorom etric

va rie ty

of

histochem ical,

assays.

In the

GUS

spe ctro p h o to m e tric

histochem ical

GUS

test,

and

putatively

transformed tissue, i. e., the marker gene and gene of choice are
expected to move together, gives a blue color when incubated with
a

be ta-g lucu ron ide

like

5-b rom o -4 -ch lo ro -3 -in d o l-1 -g lu cu ro n id e .

In spectrophotometric and fluorom etric assays color or fluorescen
ce, respectively, resulting from the enzyme expression in the trans
formed plant tissue give a quantitative level of expression.
Most of the earlier studies on the transformation of plant cells
by A g r o b a c te r iu m
utilized

were

conducted

with

tumors developed on plant tissues.

of disarm ed vectors carrying selectable

plant

protoplasts

or

After the development
m arkers, Horsch et al.

(1985) devised a simple method for transformation of tobacco leaf
disks with A.

tum efaciens. Small leaf disks derived from tobacco

plants are immersed for a short interval in A g ro b a c te riu m suspen
sions, cocultivated for two days with bacteria, and transferred to a
selection

medium

containing

kanam ycin

for selection

of trans

form ed cells and another antibiotic to inhibit bacterial overgrowth

on explants and the medium. Shoots from transformed tobacco cells
may be regenerated on a medium which contains kanamycin and
shoots may also be rooted on a medium that contains kanamycin.
This method has proven to be applicable to a number of other
species such as
1987). Although
involved mostly

petunia, tomato, soybean, etc. (Horsch et al.,
regeneration protocols with A g ro b a c te riu m have
these

"model-plant" species, during the last few

years researchers have also reported the transformation of impor
tant crop species with traits such as herbicide tolerance and insect
resistance (Table 1).

A grobacterium

mediated

transform ation

is

also being used in the study of genetics and developmental biology
of plants (Schell, 1987).

Transformation and Regeneration of Solatium

tuberosum L.

Potato, tobacco, and petunia are all members of the Solanaceae
family.

However the potato,

especially the im portant cultivars,

have been recalcitrant to regeneration
1987).

(Hanisch ten Cate et al,

Plant regeneration from potato protoplasts and explants is

possible, but is less efficient than tobacco (Shepard et al., 1980;
Roest and Bokelmann, 1986).

Ooms et al. (1983) reported shoot
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regeneration from crown gall tumors induced in potato by a wild
type A.
tion.

tum efaciens. Shoots were induced 8-16 weeks after infec

The same group also obtained plants from hairy roots induced

by A. rhizogenes on Desiree stems (Ooms et al., 1985).

These trans

formed plants manifested a distinct phenotype and developmental
pattern in comparision

to

nontransformed plants.

Hanisch ten

Cate et al. (1987), have cultured hairy roots from potato cultivar
B intje

transform ed

by

A.

rh iz o g e n e s

and

found

that shoots

regenerated from these roots were genetically stable. Hanisch ten
Cate and Ramulu (1987) studying

callus growth, tum or develop

ment, and polyploidization (the frequency distribution of nuclear
DNA content) in the tetraploid potato cultivar Bintje, have found
that the factors influencing the genetic stability are attributed to
predominant genotype effects. They have reported that DNA con
tents of nuclei from various plant organs of in vitro

grown potato

plants were basically tetraploid, whereas, leaves, roots and tubers
of in vivo grown plants showed increasing frequencies of polyploid
nuclei.

Shahin and Simpson (1986) have reported transgenic potato

plants transform ed with a "disarmed" A .tu m e fa c ie n s carrying a
binary vector. Recently, Sheerman and Bevan (1988) have developed
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a rapid transform ation method utilizing tuber disks of the potato
cultivar Desiree. Stiekem a et al. (1988) have also reported the
transformation of Bintje and Desiree potato cultivars with a binary
vector of A .
mation of

tum efaciens

using tuber disks. Leaf disk transfor

Desiree with the same A g ro b a c te riu m vector was also

reported (Travazza et al., 1988). Shoots have been regenerated
after a long callus stage from cultures of Red LaSoda, Norgold "M",
and

Viking

potato cultivars

(Wareh

et al.,

1989).

M ost of the

reported transform ation studies with potato have been conducted
with Desiree and the same A.tum efaciens strain (LBA 4404) carry
ing a binary vector with chimeric marker genes.

Lytic

Peptides

Humoral immunity in insects has been studied in detail by using
dipausing pupae of the giant silk moth H yalophora
model system (Boman and Steiner, 1981).

cecrpoia as a

Humoral immunity can be

induced in insects by injections of either live, non-pathogenic bac
teria or heat-killed, pathogenic bacteria.
RNA synthesis , larvae
a n tib a cte ria l

a ctivity

After a short period of

exposed to live bacteria
resulting

from

the

produce a potent

com posite

action

of
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lysozyme and two new classes of bactericidal proteins: cecropins
and attacins (Boman et al., 1985).
proteins with

The cecropins are

a com paratively long

small basic

hydrophobic region.

Three

cecropins (A,B, and D) have been isolated and sequenced revealing a
high degree of homology among the different forms.

Two cDNA

clones that encode information for cecropin B were isolated and
sequenced (Hofsten et al., 1985).

This experiment revealed that

cecropin B is processed from a 62 amino acid precursor molecule
which includes a leader peptide and a carboxy-terminal glycine that
are cleaved off to yield a 35 aa residue peptide which terminates in
an amidated glycine.
strong

bactericidal

The mature form of cercopin B possesses a
activity

against a broad

spectrum

of gram-

positive and gram-negative bacteria (Hofsten et al., 1985).
tefano-Beitran

et al.(1987)

have reported

a marked

DeS-

synergistic

effect between

SB-37 (a cercopin derivative) and chicken egg-

white lysozyme.

The addition of lysozyme was shown to enhance

the activity of SB-37 from 3 to 27 fold, depending on the bacteria
tested.

Attacins, which have a molecular weight of 20,000 daltons,

are the largest antibacterial molecules found in the hemolymph of
immunized H. cecropia pupae.

They are comprised of six different
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form s

which

can

be fractionated

according

to

the ir

isoelectric

point. (Huitmark et al., 1983).
The primary mode of action of lytic peptides appears to be one
of membrane disruption and subsequent lysis due to the target
cell's loss of osmotic integrity.

Okado and Natori (1984), studying

the mode of action of sarcotoxin I (a bactericidal protein from the
flesh-fly, Sarcophaga peregrina) on the membrane of E. coli, have
found that this protein disrupted the membrane potential of bac
teria.

It has been recently proposed that the incorporation of the

genes encoding these lytic peptides may offer a means to confer
disease resistance in plants (Jaynes et al., 1987).

Plant Protein Improvement by Genetic Engineering
Humans require eight of the twenty common amino acids which
are called essential amino acids in their diet.

A nutritionally ade

quate diet must include a minimum daily consum ption of these
essential amino acids (Arroyave, 1975).
dairy

products

have very

contain a high fevel of all

high

Foods like meat, eggs, and

nutritional values

because they

amino acids. Plants have a poorer

nutritional value because of their relatively low content of essen
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tial amino acids

(Hansen

et al.,

1979).

G enerally,

isoleucine,

lysine, methionine, threonine and tryptophan are the most limiting
amino acids in plants.
In the Western world

amino acid deficiency is seldom a

problem, because the diet is composed of a mixture of a wide range
of anim al

and

plant proteins.

In

many developing

countries,

however, a single crop may account for 80-90% of the total food
intake (Jaynes et al., 1986).

Genetic engineering

offers a poten

tially novel approach to elevating the levels of essential amino
acids of plants

and thus increasing their nutritive value.

It is

possible to synthesize DNA fragments encoding peptides which are
rich in essential amino acids.

Jaynes et al. (1985), have designed,

cloned and obtained expression of genes in bacteria which encode
proteins with a high content of amino acids found to be most
deficient in plant derived

proteins.

This 'high-essential-am ino-

acid-encoding' gene has been cloned and transformed into plants,
however, the level of expression was very low (Yang et al., 1989).
Low expression was probably attributable to the relativelly weak
CaMV 19S promoter used in constructing the vector plasmid.

TRANSFORMATION STUDIES WITH POTATO

Materials and Methods

Plant Materials and Growth Conditions
Five potato cultivars were used in this

study.

Desiree is an

European cultivar with little economic importance, but thus far has
been more amenable to regeneration and transformation than other
cultivars {Tavazza et al., 1989; Sheerman and Bevan, 1988). Bintje
is the most widely grown cultivar in the Netherlands, and many
studies have been reported on the regeneration and transformation
characteristics of this cultivar (Stiekema et al., 1988; Hanisch ten
Cate et al., 1988). Desiree and Bintje tubers were obtained from
Maine through the late Dr. Raymon Webb of the USDA in Beltsville.
Russet Burbank, the most widely grown potato cultivar in the U.S.,
was obtained from Dr. Mike Sun of Montana State University.
is a very promising cultivar
Louisiana

Agricultural

LaBelle

developed by Dr. James Fontenot of the

Experiment
16

Station

and

is

scheduled

for
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release in late 1989. Red LaSoda is a red-skinned cultivar with a
wide range of adaptibility and high yield.

Red LaSoda and LaBelle

tubers were provided by Mr. Gene Shaver of Scottsbluff, Nebraska.
Unless otherwise specified, field grown

potato tubers were

used for shoot regeneration and A grobacterium

infection

studies.

Large tubers 7-8 cm in diameter were selected and stored at 4 o c .
Only firm tubers were used and sprouted ones were discarded.
Since the freshly harvested tubers were high in starch content,
extraction of tuber cylinders was

difficult.

tubers were stored at least one month

Therefore, the potato

at 4 o c to

reduce the

percentage of starch before they were used.
Potato tubers were
su rfa ce

s te riliz e d

in

washed with warm water and soap, then
a

so lu tio n

c o n ta in in g

hypochlorite (20 % v/v Chlorox) plus 0.1
Chem icals) for 20 minutes, and

rinsed

1.05%

sodium

% Tween 20 (Sigma

in running

water for 5

minutes. Tubers were peeled and the ends cut to obtain a flat
surface. The tuber

material was sterilized

solution

for 15 minutes and rinsed three times with

as above

double-distilled, sterile water.

a second time with a

A sterile cork borer was used to

extract 2 or 3 1.2 x 6 cm cylinders from each tuber.

Tuber
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cylinders w ere

sliced

into 3 m m -thick

disks w ith an equally

spaced series of double-edged razor blades {Figure 1).
In vitro grown potato plants were started from axillary buds
taken from potato plants grown in the growth cham ber. The ex
plan ts

w ere

surface

s triliz e d

20

m inutes

in

1.05

%

sodium

hypochlorite and rinsed three tim es w ith double distille d

sterile

water. Single nodes were placed in test tubes containing 12 ml of
single node medium (Table 2) and incubated under regime A (Table
3).

In vitro

plants were

m aintained by transfering

single

nodes

from cultures at 4-6 week intervals.

Regeneration from Tuber Disks
D iffe re n t

c o n ce n tra tio n s

of

in d o le -3 -a c e ty l-L -a s p a rtic

acid

(lAAa) (Research Organics) and zeatin riboside (ZR) (Sigma Chemi
cals)

were

evaluated

for effects

upon

shoot

regeneration

from

potato tuber disks. These hormones are conjugates of indoie-3acetic acid and zeatin, respectively, and w ere selected because
they have been reported to be more stable in culture medium than
IAA and zeatin

(Sheerman and Bevan, 1987). The components of the

regeneration medium with hormone concentrations tested are given

19
in Table 2. Twenty-five m illiliters of media were dispensed in 9.0
x 1.5 cm sterile petri plastic petri dishes.
Four potato

cultivars

were

used

in

regeneration

studies:

Russet Burbank, Desiree, Red LaSoda and LaBelle. Two tubers were
selected from each cultivar and 5 freshly sliced tuber disks were
placed in each petri dish.

All cultures were grown under regime C

(Table 3). Tuber disks were transferred to fresh m edia at three
week intervals.

When regeneration occured,

shoots about 1 cm

were excised and placed on rooting medium (Table 2).

Nurse

Cultures
Horsch et al. (1987) have reported that a nurse culture of

tobacco cells increases the transform ation frequency when

used

during the co-cultivation

cells.

How

to b a cco -su sp e n sio n

of explants w ith A g r o b a c te r iu m
c e lls

fa c ilita te

tra n sfo rm a tio n

is

not

clearly understood: it may be due to more efficient induction of the
virulence genes, or some other factor. Stiekema et al. (1988) have
reported the use of Bintje suspension cells as nurse culture.
Cell suspensions of tobacco (N ico tia n s

tabacum var. Xantii)

were used. Suspension cultures were grown in 125 ml Erlenmayer
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flasks which contained 50 ml of suspension-culture medium (Table
4).

The suspension cultures were grown on a gyratory shaker

(LabLine Orbit Shaker) at 150 rpm under regime B.

The cell suspen

sions were maintained by subculturing 10 ml of cell suspension in
50 ml of fresh medium every two weeks.

To prepare nurse cul

tures, the tobacco-suspension culture was first filtered through a
540 pm sieve-m esh-filter unit.

The filter unit was constructed by

cutting the bottom from a 50 ml polypropylene test tube.

The cut

end was fiamed and pressed onto the mesh. A fter filtration of
suspension culture the filtrate was transferred to 50 ml sterile
polypropylene tubes and centrifuged at 4500 rpm for 20 minutes.
The supernatant was discarded and the pellet was resuspended in
MSO medium (Table 4). The suspension was centrifuged again for 20
minutes, the supernatant discarded, and the pellet resuspended in
MSO medium.

This procedure is considered to be important in order

to remove 2,4-dichlorophenoxyacetic

acid

(2,4 D) which

might

interfere with the hormone balance required for shoot regeneration.
Approximately 1 ml of tobacco cell suspension was dispensed
on each culture medium. After the tobacco cells had been dispensed
on the culture medium in petri dishes they were covered with What-
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mann #1, 9 cm filter paper.

Filter papers previously had been

rinsed several times with double-distilled, deionized water, placed
into glass petri dishes containing MSO medium
autoclaved

(Table 4), and

for 15 minutes at 121 oc and 1.05 kg.cm-2.

Kanamycin
In

Sensitivity
vitro

Burbank and LaBelle

grown

Levels
potato

were cut into

stem s

from

Desiree,

Russet

3-5 mm explants and placed on

culture medium that contained MS salts (M urashige and Skoog,
1962), B5 vitamins (Gamborg et al., 1968), 3.0% sucrose, 0.8 % TC
agar (Hazleton
acid.

Biologies), and 4.5 pM 2,4-dichlorophenoxyacetic

Filter sterilized kanamycin monosulfate (Sigm a Chemicals)

was added after the the media had been autoclaved and cooled to 45

oc.

The treatments included

control, 50, 100, 150, 200, 250, and

300 mg/l kanamycin monosulfate.

Each cultivar was tested in 3

replicates of each treatm ent, composed of a plate containing 5
stem segments.
(Table 3).

All cultures were incubated

under regime A

The callus growth was evaluated after 4 and 8 weeks to

determine the inhibition from kanamycin.
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Bacterial

Cultures
Stock bacterial cultures were kept at -80 °C in 50 %

glycerol.

In order to obtain bacteria for infection, samples from

stocks were streaked into petri plates containing 25 ml of Lauria
broth

(LB)

medium

(Table 5) supplem ented with

specific an

tibiotics required for the selection of individual bacterial strains.
The plates were placed in an incubator at 28 °C and cultured for 36
hours.

A loop of bacteria was taken from the plates and used to

inoculate test tubes that contained 10 ml of the appropriate liquid
medium and the antibiotics (Table 5). The

bacteria were grown on a

rotary shaker at about 150 rpm under regime A for 16 hours.

Each

bacterial suspension was centrifuged for 10 minutes at 4500 rpm
in an IEC HN-SII bench-top centrifuge. The supernatant was dis
carded and the bacteria pellet was resuspended in MSO (Table 4) to
give a cell suspension with an optical density (OD) of 0.6 at 560 nm
in a Beckman DU-65 Spectrophotometer. This OD corresponds to 10 7109 bacteria/ml. These cultures were used to infect plant tissues.
A. tum efaciens strain LBA4404 is a disarmed derivative of the
strain LBA4001 and contains a Ti-plasmid, pAI4404, with deleted T-
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region but intact vir region (Ooms et al., 1982) and was obtained
from Clontech Laboratories, Inc. (Palo Alto, CA).
A.

tum e fa cie ns A281

is a hypervirulent strain that carries

pTiBo542, a 249 kb agropine type Ti plasmid which is not disarmed
(Hood et al., 1984) and was obtained from Pharmacia LKB Biotech
nology (Piscataway, NJ).
A.

tum efaciens GV3111 SE is a disarmed strain which carries

pTiB6S3-SE (Figure 3) that contains only the TL-DNA left border
sequence and a region of homologous DNA to allow recombination
with interm ediate vectors to get cointegrate form ation (Fraley et
al., 1985) and was obtained from Monsanto Company, St. Louis, MO.
Plasmid pBI121 contains a beta-glucuronidase (GUS) cassette
with CaMV 35S promoter (Figure 2) in the binary vector pBIN 19
(Bevan, 1984) and was obtained from Clontech Laboratories, Inc.
The pMON 200 plasmid is a cointegrating vector (Figure 4)
developed by Monsanto Company.

It contains a 1.6 kb LIH (left

inside homology) segment derived from the octopine type pTiA6
plasmid that provides a region of homology for recombination with
a resident Ti plasmid in A .tu m e fa cie n s, a 1.6 kb segment carrying
the pBR 322 origin of replication, a 2.2 kb segment of the nopaline-

24
type

pTi T 37

plasm id that carries

right border (NRB)

of the

nopaline T-DNA and intact nopaline synthase (NOS) gene, a 2.7 kb
segm ent of Tn 7 carrying the spectinom ycin/streptom ycin

resis

tance determinant, a 1.6 kb segment encoding a chim eric NOS-NPT
ll-NOS gene that provides selectable kanamycin resistance in trans
form ed plant cells and a synthetic m ulti-linker containing restric
tion sites (Fraley et al., 1985).
A derivative of pMON 200 is pMON 316 (730)

where a cassette

CaMV 35S prom oter-polylinker-NO S 3' has been introduced in the
EcoRI-Hind III sites and was obtained from Steven Rogers in Monsan
to Company.
The binary vector pMON 530 was developed by Monsanto Com
pany.

It contains a cassette with a poly-linker flanked by the CaMV

35S and the NOS 3' region. The LIH region has been replaced by a RK
2 origin of replication.
These plasm ids were introduced into A g ro b a c te riu m

strains

and provided by Luis DeStefano-Beltran from the laboratory of Dr.
Jesse Jaynes of the LSU Biochemistry Department.
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Growth Stage of the Bacterial Cultures and Exposure Dura
tion of Tuber Disks to Bacteria
To

determ ine

the

optimum

cultures for transform ation,

A.

growth

of the

bacterial

tum efaciens strain A281 and A .

rhizogenes strain R1000 were grown in 10
media respectively (Table 5).

stage

ml of liquid YEP and YML

The bacteria were grown 16 hours to

get the logarithmic and 24 hours to get the stationary phase.
centrifugation the supernatant was discarded.

After

The bacteria were

resuspended in MSO (Table 4) to a concentration of 108 cells/ml (OD
0.6 at 560 nm).

Freshly sliced tuber disks from Russet Burbank

and Red LaSoda cultivars were exposed to the bacterial suspension
for 5 minutes by immersing in petri dishes containing the bacterial
suspension,

blotted dry on sterile filte r papers and

culture plates.

placed on

The culture medium contained 4.3 g/l MS (Hazleton

Biologies, Inc., Lenexa, KS) salts and 7.0 g/l phytagar.

The pH of the

medium was adjusted to 5.8 with 1.0 N KOH and 1.0 N HCI prior to
autoclaving at 121 QC for 15 minutes.
To

determ ine

the

difference

between

bacterial exposures tuber disks from

the

short and

long

Russet Burbank and

Red

LaSoda were infected with A281 and R1000 A g ro b a cte riu m strains.
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Bacterial cultures were grown for 16 hours and bacterial suspen
sions were prepared as previously stated.

Freshly sliced disks

were immersed in the bacterial suspension for 5 sec., 5 min. and 20
min., respectively.

They were then blotted dry and placed on

culture plates.
Two tubers from each cultivar were used and each treatment
contained 5 tuber disks. The experimental design was a split plot
with a single factor in the whole plot and two factor factorial in
split plot. The tuber is the experimental unit for the whole plot and
the disk is the unit for the split plot.
were cultured under regime A.

The infected tuber disks

After two weeks in culture, the

tumors and hairy roots which developed as a result of exposure to
to A281 and R1000 infections, respectively .were counted.

Agrobacterium rhizogenes Infections
To determine the responses of different potato cultivars to A .
rh iz o g e n e s

mediated transform ation, 5 potato cultivars were in

fected with A.

rhizogenes strain R1000 (wild type) and R1000

which harbours a pBI 121 plasmid.

The potato cultivars used in

this experiment were Desiree, Bintje, Russet Burbank, Red LaSoda,

and LaBelle.
the

efficiency

Also, to study the effect of different culture media on
of

infection

process,

the

follow ing

media

were

compared: water agar (WA) which contained 0.7% phytagar only and
MS basal medium without sucrose (Table 2) .

These media were

also supplemented with 300 mg/l

to inhibit the over

growth of A g ro b a c te riu m .

cefotaxime

The pH of all media were adjusted to

5.8 with 1.0 N KOH and 1.0 N HCI prior to autoclaving .
sterilized cefotaxime was added after media had been
oc in a water bath.

Filter

cooled to 45

The media were dispensed in sterile plastic

petri dishes (25 ml/dish) by a Wheaton Unispense II dispenser.
Bacterial cultures were grown in 10 ml of liquid YML medium
(Table 5) for 16 hours on a rotary shaker at 150 rpm under regime A
(Table

3).

Before

infection

the

bacterial

suspension

was

centrifuged for 10 minutes at 4500 rpm and bacterial sedim ent
was resuspended with MSO (Table 4) to give an OD of 0.6 at 560 nm.
Two tubers from each cultivar were surface sterilized and peeled
as previously described.

From each tuber, 5 freshly-sliced tuber

disks were placed on each culture medium. Seventy five pi of
bacterial suspension culture were dispensed on each tuber disk. The
experim ental design was a split plot with a single factor in the
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whole plot and a 3 factor factorial in the split plot. The tuber was
the experimental unit for the whole plot and the disk was the unit
for the split plot. The infected tuber disks were cultured at regime
B.

Hairy root development was counted after 2 and 4 weeks.

Agrobacterium

tumefaciens

In fection s

To evaluate the responses of different potato cultivars to dif
ferent A.

tum efaciens strains, 4 potato cultivars (Russet Burbank,

Red LaSoda, LaBelle and Desiree) and 3 A. tumefaciens strains with
different plasmids (A281, LBA4404, GV3111

SE, A281/pBI 121,

A281/pMON 530, LBA4404/pBI 121, GV 3111 SE/pMON 316(730),
GV3111 SE/pMON 200) were tested.
propriate

m edia

w ith

the

The bacteria were grown in ap

antibiotics

(Table

5)

fo r

16

hours,

centrifuged at 4500 rpm and resuspended with MSO (Table 4) to
give an OD reading of 0.6 at 560 nm.
disks

were

prepared

as

Freshly-sliced, potato-tuber

previously described

and

dipped

into

bacterial suspension cultures, blotted dry on sterile filte r paper,
and placed on nurse culture plates which consisted of potato-shootregeneration medium (Table 2), 1-1.5 ml of tobacco cell suspen
sion, and a layer of filter paper prepared as described previously.

The infected tuber disks were co-cultivated two days with A .
tu m e fa c ie n s cultures on nurse culture under regime C (Table 3).
A fter co-cultivation, tuber disks were transferred to regenerationselection medium which consisted of the same components as the
nurse culture plates but without tobacco cells and filte r paper and
supplem ented with 50 mg/l kanam ycin m onosulfate to select the
transform ed cells

and

growth of bacteria.

500

mg/l cefotaxim e to

in hibit the over

One set of controi-tuber disks

(non-infected)

and disks exposed to with LBA 4404, A 281 and GV3111 SE that do
not carry the chim eric genes for neomycinphosphotransferase were
put on medium without kanamycin.
w ere transferred to fresh
tum or form ations
treatm ent.

w ere

Kanam ycin

After three weeks, tuber disks

medium.

recorded

Shoot induction, callus or

five w eeks

resista nt ca lli w hich

a fte r the
w ere

infection

developed

on

these tuber disks were excised and put on shoot induction media
that consisted of MS salts (M urashige and Skoog, 1962) with B5
vitamins (Gamborg et al., 1968), 3.0 % sucrose, 0.7 % phytagar, 500
m g/l

cefotaxim e

and

eith er

2.25

m g/l

Chemicals), and 10.0 mg/l gibberellic acid

benzyl

adenine

(Sigm a

(United States Biochemi

cal Corporation) or 1.75 mg/l zeatin riboside and 10.0 mg/l gib-
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berellic acid.

Filter sterilized zeatin

riboside was added after

autoclaving the medium. Some of the kanamycin resistant calli
were put onto callus induction

medium that contained 4.5 (iM 2,4-

D.
Shoots that were regenerated were excised and placed in
rooting medium (Table 2).

Results and Discussion

Regeneration from tuber disks
In order to readily produce transgenic plants with A g r o b a c 
te riu m

m ediated transform ation,

it is necessary to be able to

obtain regenerated plants from infected tissues. A short duration
between the introduction of the explant into culture and regenera
tion is considered to be desirable. The longer tissue remains in
culture the greater the probability that somaclonal variation will
be expressed.
response

to

The

interaction

of

potato-tuber-disk

in do le -3 -ace tyl-L-a spa rtic

acid

riboside (ZR) ratios is presented in Table 6.

(lAAa)

explants
and

in

zeatin
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Numerous nodular, bulbous formations were produced from Red
LaSoda tuber disks, however, no shoot regeneration was observed at
any hormone levels.

Tuber disks which turned green after one week

in culture remained green after 14 weeks.
formations turned red. Nodular

Some of the nodular

formations have also been reported

by Wareh et al. (1989) who were able to obtain shoot regeneration
from 30 % of the calli after a long-term callus stage with Red
LaSoda.
Russet Burbank explants produced the most shoots (Table 6),
although the tuber disks tended to turn

brown on the edges and

there were some white flaky calli on the disks.

Russet Burbank-1

produced 42 shoots when exposed to 1pM lAAa + 8 pM ZR.

There

were six shoots produced both at 2 pM lAAa + 4 pM ZR and at 2 pM
lAAa + 8 pM ZR. At 4 |iM lAAa + 8 pM ZR there was only one shoot,
however, 2 pM lAAa + 10 pM ZR produced 17 shoots indicating the
significance

of

the

au xin/cytokinin

ratio.

R usset

Burbank-2

produced six shoots at 2 pM lAAa and 12 pM ZR, and 1 shoot at 4 pM
lAAa and 8 pM ZR, but did not respond to the other concentrations.
Desiree
the edges.

tuber disks expanded about 1/3 and turned brown on
At 1 pM lAAa + 8 pM ZR Desiree-1 produced 1 shoot;
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there was also 1 shoot at 2

ji M

lAAa + 10 pM ZR.

Desiree-1

responded well to 2 pM lAAa + 12 pM ZR by producing 10 shoots.
Desiree-2 produced 1 shoot at 1 pM lAAa + 8 pM ZR, 2

shoots at 4

pM lAAa + 8 pM ZR, and 2 shoots at 2 pM lAAa + 12 pM ZR.
Tuber disks of LaBelle turned green and produced some white
flaky calli.

LaBelle-1 had two shoots at 2 pM lAAa + 10 pM ZR.

LaBelle-2 produced 7 shoots at 2 pM lAAa + 8 pM ZR, 2

shoots at 2

pM lAAa + 10 pM ZR, and 1 shoot at 2 pM lAAa + 12 pM ZR.
Potato cultivars as well as the tubers within the same cul
tiva r were different in their

regeneration

disks (Figure 5). Inability to obtain

responses from tuber

high consistent regeneration

rates with potato explants certainly reduces the ability to obtain
transgenic

plants,

especially

if

transform ation

rates

are

low.

Reports in the literature are probably misleading, i.e, they tend to
create the impression that regeneration from potato explants is
routine. Hanisch ten Cate and Ramulu (1987) have reported different
levels of polyploidization in tuber tissues of potato cultivar Bintje,
and suggested that this may be the reason for variation in respon
ses to hormone treatments and tumor formation.

33

Kanamycin

Sensitivity

As a background against which to use kanamycin monosulfate
as a screening agent for transformed plants, the endogenous levels
of kanamycin resistance of the explant tissue should be determined
. Potato-stern segments

that were placed on callus

medium

diffe ren t concentrations

which

contained

induction

of kanamycin

monosulfate did not produce any callus (Figure 6); whereas, after
four weeks in culture, there was callus developm ent on control
plates.

At 50 mg/l kanamycin some of the explants from Desiree

and LaBelle showed some swelling.

These swollen explants did not

produce callus by 8 weeks, and either turned brown or became
bleached.

The higher concentrations of kanamycin monosulfate also

caused complete inhibition of the callus induction.
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Effects on Explant Infection

Related to Growth

Stage of

the Bacterial Cultures, Exposure Duration of Tuber Disks
to Bacteria, and Cultivar
The numbers of tumors and ’hairy roots' induced by A281 and
R1000, respectively, on Red LaSoda and Russet Burbank tuber disks
as function of bacterial growth stage are presented in Table 7.
Under these

conditions

there

was

no difference

between

the

logarithmic (16 hr) and the stationary (24 hr) growth stage of bac
teria observed for responses of tuber disks to A g o b a c te riu m infec
tions (Table 8). This agrees with the observations of Horsch et al.
(1985) who

found that tobacco and petunia leaf disks responded

smilarily for a range of growth stages and titers of A g ro b a c te riu m .
McCormick et al. (1986), however, have reported that tomato leaf
disks and stem segments were sensitive to these parameters and
found that overnight-grown (16 hr) grown A g ro b a c te riu m cultures
at a concentration of 106-108 bacteria/ml produced higher numbers
of transformed shoots.
In another experiment (Table 9) no significant differences in
the durations of exposure to bacteria among 5 sec, 5 min, 20 min on
apparent infection

of explants were

observed.

In both

studies

(Tables 8 and 10 ) responses to bacteria appeared to be highly sig
nificant. However, this assumes that one tumor induced by A281 is
equivalent to one root induced by R1000 in evaluating infection
levels. The metabolic steps proceeding root developm ent versus
tum or development are presumably complex and different. The fact
that A281

is a hypervirulent strain may also impact the rate of

in fe c tio n .
Although differences between responses of cultivars in which
only Red LaSoda and Russet Burbank tubers were used were sig
nificant in the study of Table 7 and not in the study of Table 9 , a
highly significant cultivar response was observed when five cul
tivars were exposed to A.

rhizogenes and different media under

conditions of Table 11 . Bintje was the most responsive and this
was in accordance with the findings of Hanisch ten Cate et al.
(1987). Red LaSoda tuber disks also produced many hairy roots. As
reported earlier in this study, Red LaSoda did not respond to any of
the

au xin /cyto kinin

shoots from

concentrations

tuber disks.

tested

Recalcitrance to

for

regeneration

regeneration

LaSoda was also reported by Wareh et al. (1989).

by

of
Red
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Desiree

and

Russet Burbank cultivars

number of ’hairy roots'.

produced the

least

Desiree potato cultivar is known for its

easy transformation by A. tumefaciens (Sheerman and Bevan, 1987;
Stiekema et al., 1987; Travazza et al., 1988).

Ooms et al., (1985)

reported the induction of hairy roots on the stems of Desiree cul
tivar infected with A. rhizogenes which may suggest the different
responses of explant sources to infections. Russet Burbank which
produced

the

m ost

shoots

responded weakly to A.

in

regeneration

experim ents

also

rhizogenes infections. LaBelle produced

many hairy roots in response to A.

rhizogenes

infection, while

producing fewer shoots in regeneration studies.
The culture medium composition also had a significant effect
on the number of hairy roots induced on tuber disks infected with A.
rh iz o g e n e s (Table 12).

MS medium which consisted of Murashige

and Skoog (1962) macro and

micro

nutrients and

B5 vitamins

(Gamborg et al., 1968) produced a significantly higher number of
hairy roots

than the water agar which has been used by several

researchers (Anand and Heberiein, 1977; Hanish ten Cate et al.,
1987). The roots developed on MS medium grew more vigorously
than the ones induced on WA (Figure 7).

An increase in hairy roots
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might be expected as a result of the availability of nutrients to
root tissues.
Incorporation of 200 mg/l cefotaxime into the culture medium
did not have any significant effect on the induction of hairy roots.
The wild type A. rhizogenes strain R1000 induced more hairy
roots than

the same strain carrying pBI 121 plasmid with chimeric

marker genes (Table 12).
The different responses to A g ro b a c te riu m among the cultivars
have been reported earlier for several species including potato and
tomato (Sheerman and Bevan, 1987; McCormick et al., 1986). This
may be due to several factors. Different potato cultivars may be
producing different levels of phenolic compounds that turn on the
vir genes of A g ro b a cte riu m which are necessary for the processing
and the transfer of T-DNA into the plant genome (Stachel et al.
1985). Another factor may be the recognition of plant cells by
A g ro b a c te riu m which is necessary for the attachment of bacteria
to the plant cells. This is proposed to be controlled by the ch v loci
of the bacteria and pectin and pectin-associated receptors on the
plant cell w alls

(Neff et al.,

1987). A th ird

possibility

is the

hypersensitive response of the plant cells to the A g ro b a c te riu m
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infections in which plants exudate high levels of phenolic com 
pounds that serve as a defense mechanism. The overproduction of
these compounds acts not only against the bacteria but also against
the plant cells.

Agrobacterium

tumefaciens In fection s

Different potato cultivars were exposed to different strains of
A.

tum efaciens. Responses noted after 5 weeks are depicted in

Figures 8 to 15. Responses to LBA4404 are presented in Figure 8.
There were several root initials on Desiree tuber disks. At seven
weeks, Desiree-1 produced 6 shoots, and Desiree-2 produced three
shoots when [eft on the regeneration medium (Table 2).

Russet

Burbank and LaBelle tuber disks infected with LBA4404 did not
produce shoots but white flaky callus was evident.
form ed red-colored, bulbous, tum or-like calli.

Red LaSoda

Russet Burbank-1

produced six shoots and LaBelle produced one shoot when left on
the regeneration medium. Since these were regenerated from

disks

exposed to LBA4404 which did not possess a chimeric marker gene,
it could not be verified that they were actual transgenic shoots.
However, of interest in this study was the different responses of
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the explants to the different strains of bacteria to which they were
exposed.
Responses

to

LBA4404 (Figures

the

A281

strain

10, 11, 12).

infected with the A281

w ere

diffe re n t from

All of the four potato cultivars

strain, regardless of the plasmid it con

tained, produced prolific tumorous callus.
A281 is a wild type A.

quite

This was expected since

tum efaciens strain, and its hypervirulence

was reported earlier (Hood et al., 1984).
Tuber disks which were thought to have been exposed to LBA
4404 strain harboring the pBI 121
tumorous calli (Figure 9).

plasmid also produced many

This was an unexpected response. LBA

4404 is a disarmed A g ro b a c te riu m strain and the pBI 121 plasmid
does not contain

genes that are expected to be involved in a tumor

producing response.
cultivars
te riu m

This anomalous response expressed by all four

strongly suggest a contamination by a wild type A g ro b a c 
strain. Conceivably it occured

during the triple mating

process when pBI 121 plasmid was mobilized from E. c o l i m t o A .
tum efaciens.
Strain GV3111 SE harboring either pMON 200 or pMON 316
plasmids had similar effects on the tuber disks (Figures 14 and 15

).

Red LaSoda produced red bulbous calli.

LaBelle produced large amounts
some of these calli was a

Russet Burbank and

of white flaky calli. Underneath

green compact callus.

disks produced small green calli and some root initials.

Desiree tuber
These root

initials did not produce any shoots, except Desiree-2 which was
infected with GV3111 SE/pMON 200 produced one shoot.
Burbank-1 infected with GV3111 SE/pMON 730
after five weeks which later

onto

also had one shoot

became vitrified and ceased growing.

Tumorous calli produced by A.
transferred

Russet

shoot regeneration

cytokinin and gibberellic acid.

tum efaciens infections were
medium

supplem ented with

This was necessary especially in

the case of A281 induced tumors.

Since this is a wild type A .

tu m e fa cie n s strain, tumors are induced due to the excess produc
tion of cytokinin and auxin encoded by the T-DNA incorporated into
the plant genome.

Reversal of this tumor formation to yield shoots

can be obtained by exogenously applied cytokinins or by the loss of
T-DNA during the tissue culture stages (Nester and Kosuge, 1981).
In our study, only one shoot from the callus of Desiree-1 infected
w ith

LB A4404/pBI

121

was

obtained.

H istochem ical

beta-

glucuronidase assay conducted on calli induced by LBA4404 and
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A281 strains containing the pBI 121 plasmid suggested that these
were transgenic calli.

EFFECT OF LYTIC PEPTIDES ON PLANT PATHOGENIC FUNGI
AND PLANT CELLS

Materials and Methods

Lytic

Peptides

A 37 amino acid residue derivative of cecropin B (SB-37) and a
new lytic peptide designated Shiva-1 which possesses a 60% se
quence homology with natural cecropin B (Figure 16) were designed
by Dr. Jesse Jaynes of the LSU Biochemistry Department, and were
synthesized with a BioSearch SAM TWO peptide synthesizer. Serial
dilutions of SB-37 and Shiva-1 were prepared in 0.01 M phosphate
buffer (1.38 g/l NaH2P04.H20 and 1.42 g/l Na2HP04)

at pH 6.8 for

utilization, in experim ents.

Effects of Lytic Peptides on Plant Pathogenic Fungi
Cultures of Phytophthora capsicii Leon isolated from Cayenne
pepper ( Capsicum annuum), Alternaria soSani (Ell. and Martin) Sor.
isolated from tomato (Lycopersicon esculentum), Fusarium solani
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(Mart.) Appel and W ollenw.em end. Snydl. and Hans.,
d a h lia

Kleb. isolated from tomato, and Phom a

isolated from tom ato

V e rtic illiu m

ly c o p e rs ic i Cke.

were obtained from Dr. Lowell Black of the

LSU Plant Pathology and Crop Physiology Department.

P hytophthora

c in n a m o n i Rands, isolated from walnut (Juglans regia L.), R h iz o c to n ia

s o la n i

(S ten otap hru m

K u eh n.

is o la te d

fro m

St.

A u g u s tin e

g ra ss

secundatum (Walt.) O. Kuntze), H e lm in th o s p o riu m

carbonum Ullstrup. isolated from corn (Zea mays L.) , and G eotricum
c a n d id u m (Ferr.)Lk.ex Pers. isolated from Citrus sp. L. fungus cul
tures were obtained from Dr. Gordon Holcomb of the LSU Plant
Pathology and Crop Physiology Department.
The fungal cultures used in this experim ent were grown on a
medium that contained 10.0 g/l malt extract (Difco), 2.0 g/l Bactoyeast extract (Difco), 5.0 g/l dextrose (Sigma) and 15.0 g/l agarose
(Biorad).

The pH was adjusted to 6.0 with 1.0 N KOH or 1.0

HCI

prior to autoclaving 15 minutes at 121 °C and 1.05 kg.cm-2. After
inoculation the culture plates were incubated at 26±2 o c under con
tinuous cool white light for 5-7 days.

Agarose plugs 0.5 cm in

diam eter were removed with a cork borer from these culture plates

and placed into 16 mm Corning Cell Wells.

Aliquats of 100 pi of

lytic peptide solution were applied to the top of the plugs and
allowed to incubate for 12 hours at room temperature.

The control

treatment consisted of 100 pi sodium phosphate buffer.
hours culture
excavated

plugs were transferred to

in the medium of

After 12

0.7-m m -diam eter wells

fresh culture plates.

At 8 and 16 hours

after transfer of fungal plugs, 50 pi of lytic peptide solutions
added on

top

of these plugs.

regime A

and evaluated

were

Treatments were incubated under

after 6

days. This experim ent was con

ducted five times.

Effects of Lytic Peptides on Plant Cells
To determ ine the effect of lytic peptides on plant cells, a
tobacco cell suspension designated Bright Yellow which was ob
tained from Dr. Norimoto Murai of the LSU Plant Pathology and Crop
Physiology Department was exposed to the lytic peptide SB-37
(Figure 16)

provided by Dr. Jesse Jaynes of LSU Biochemistry

Department.
Bright Yellow cell cultures were maintained in tobacco-cellsuspension medium (Table 4).

Fifty m illiliters of cell suspension

45
cultures were kept in 125 ml erlenm eyer flasks on a gyratory
shaker at 150 rpm under regime B (Table 3) and subcultured weekly.
For experiments cell suspensions were transferred to 50 ml
polypropylene test tubes
m inutes.

The

resuspended

supernatant
in

0.01

M

and centrifuged
was

discarded

sodium

at 4500
and

phosphate

rpm

the

for

pellet

buffer

15
was

(1.38

g/l

NaH2PO4.H20 and 1.42 g/I Na2HP04) at pH 6.8. The cell suspension
was centrifuged again at 4500 rpm for 15 minutes and the super
natant discarded.
insure that
to

the

This washing step was performed twice to help

components from the cell suspension

SB-37

m olecules

w ere

rem oved.

that might bind

A fte r

the

second

centrifugation 15 ml aliquots of cells, which had been resuspended
in phosphate buffer were transferred into 15 ml polypropylene test
tubes and centrifuged again at 4500 rpm for 15 minutes.

After

discarding the supernatant, test tubes contained approximately one
ml of packed cell volume (PCV).

Tobacco cells in each

received 4 ml of a suspension of SB-37 in 0.01 M

tube then

sodium phosphate

buffer. The control treatment consisted of 0.01 M phosphate buffer.
Tubes with cell suspensions were placed on a Cell Production
Roller Drum (Bellco Biotechnology) and incubated for 8 hours at 16
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rpm under regime A (Table 3).
dispensed on culture plates.
suspension medium

One ml aliquots of treated cells were
Culture plates consisted tobacco cell

(Table 4) solidified with 0.7% phytagar and

with a layer of filter paper placed on the culture medium.

What-

mann #2, 9 cm filter papers were rinsed several times with double
distille d w ater and autoclaved in liquid cell suspension
before being placed on culture medium.

medium

A second layer of filter

paper was placed in the culture plate prior to adding one ml of cells
treated with SB-37.

The wet weights of fitter paper and the added

cell suspension were recorded.

A fter 2 w eeks of culture under

regime A (Table 3) , weight gain was recorded by weighing the top
layer of filter paper with cell suspensions.

Results and Discussion

Effect of Lytic Peptides on Plant Pathogenic Fungi
Although previous studies on yeast and bacteria indicated that
Shiva-1

was

more

potent than

SB-37

(Jaynes,

personal

com 

m unication), responses of fungi to SB-37 and Shiva-1, based on
visual ratings, were approxim ately the same (Table 13, Figures 17
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and 18). Except for Fusarium solani, at 10-3 M lytic peptides com
plete inhibition of fungal growth was observed. Inhibition at 10-4M
was apparent, but considerably less than at 10 -3 M; whereas, 10-5M
appeared to stimulate growth.
The effects of SB-37 on plant cell suspension cultures are
presented in Figures 19 and 20. Concentrations in the range of 10-3
M to 10-4 M of SB-37 inhibited the growth of treated plant cells,
while lower concentrations that have previously been shown to
exhibit antibacterial activity (DeStefano et al., 1987) did not show
any inhibitory effects (Figure 19).

SB-37 at 10-3 m concentration

completely inhibited the cell growth.
was

e sse n tia lly

arrested,

however,

At 10-4 M, the ceil growth
there

w ere

several

cell

colonies growing on each plate that might be resistant to SB-37 at
this concentration.

Compared to the control, 10-5 M caused a slight

decrease in cell growth which
The cells treated with 10-6 M and

was not statistically significant.
10-7

m SB-37, however, grew

significantly better than cells on control plates (Figure 20).

This

stim ulatory effect of SB-37 at low concentrations was also noted
on fungi, but no explanation has been found on this phenomenon .

In genetically engineering a plant, ideally, one would like to
transfer the desired gene to a cel! and have it function according to
a preconcieved scheme. For the example of lytic peptides the quest
is for disease resistance. Considering only the concentration ef
fects, it appears that fungi and plant cells may be approximately
equally

susceptible to

tolerant than

bacteria.

lytic

peptides; whereas,

ceils

are

more

However, assuming that the capacity to

produce lytic peptides can be incorporated into plants, the question
arises as to how the lytic peptides would be delivered to the in
tended site of action.

TRANSFORMATION WITH ANTIBACTERIAL GENES AND A GENE
SEQUENCE FOR HIGH ESSENTIAL AMINO ACIDS

(HEAA II)

Materials and Methods

Transformation

of

Tobacco

Leaf

Disks

with

Antibacterial

Genes
Transformation of tobacco plants with antibacterial genes was
conducted on nontransgenic and transgenic tobacco plants. In vitro
grown tobacco plants were used for the infection studies.
(Nicotiana

Tobacco

tabacum var. Xantii) seeds were surface sterilized with

0.525% sodium hypochlorite (10% v/v chlorox) and 0.1 % Tween 20
for 10 minutes,

rinsed three tim es with

double distilled

sterile

water and placed on germination medium (Table 4) in plastic petri
dishes.

After one week seedlings which had germ inated

were

transplanted into Magenta GA7 vessels containing tobacco apicalsho ot-p ro pa ga tion

medium

(T able

4).

Two

se e d lin g s

w ere

transplanted in each vessel and were grown under regime A (Table
3).
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A fter the initial establishm ent from seeds, in Wfro-grown
were

m aintained

fresh

medium.

readily.

plants

by periodic transfer of the apical shoots into

Under these conditions tobacco shoots w ill root

Magenta vessels were not wrapped with parafilm as this

inhibited proper growth of the plants. Four to 6-week-old, healthylooking plants were used in transformation studies.
Transgenic plants were obtained from seeds
tobacco

plants w hich

had

been

transform ed

of transgenic

with

antibacterial

genes cloned in the pMON 316 plasmid which also contained the
n e o m ycin p h o sp h o tra n sfe ra se

II

(NPT

II)

gene

th a t

confers

kanamycin resistance to the transform ed plants. Initial selections
were

made

kanamycin
were

on

a

regeneration

m onosulfate.

confirm ed

by

medium

Transform ation

Southern

containing

which

had

been

self

hydridization

pollinated.

mg/l

of antibacterial genes
analysis

personal com m unication). Seeds were obtained from
plants

300

Seeds

(Destefano,
transgenic

were

surface

sterilized as described earlier and when planted on germination
medium (Table 4) containing 100 mg/l kanamycin
F1 segregation

(Figure 21).

demonstrated 3:1

Transgenic F1 seedlings which showed

normal growth and development were

transferred into Magenta GA7
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vessels containing tobacco propagation medium (Table 4).

Three F1

lines from each group of plants transformed with genes encoding
for cercopin (C38-F, C38-R, C38-15), attacin (Att-B, Att-E, Att-6)
and chicken lysozyme (CHLy-Z, CHLy-10, CHLy-22) were randomly
selected.
Leaf disks from these plants and from nontransgenic plants
were prepared using a 7.0 mm diameter cork borer and were placed
upside down on nurse culture .

Nurse-culture medium consisted of

MS salts (Murashige and Skoog, 1962), 3.0% sucrose, B5 vitamins
(Gamborg et al., 1968) and 0.7% phytagar supplemented with

0.54

jiM napthaleneacetic acid (NAA) and 4.4 juM bezylamino purine (BA).
The pH was adjusted to 5.8.

The tobacco-ceil-suspension cultures

and filter papers for the nurse culture were prepared as previously
described.

Leaf disks were pre-conditioned prior to exposure to

bacteria on the nurse-culture medium for two days under regime A
(Table 3).
Five antibacterial gene constructs cloned into a LBA 4404/pBI
121 binary vector were provided by Luis DeStefano-Beltran from
the

laboratory

Departm ent.

of

Dr.

Jesse

Jaynes

These constructs

of the

included

LSU

Biochem istry

pCa2CH4Ly/pBI

121,

pCa2C38/pB( 121 and Ca2Att/pBI 121

that contain a cassette 2,2

kb segment with the chicken lysozyme, a synthetic gene for cercopin, and the attacin gene, respectively.

These genes were under

the control of a double CaMV 35 S promoter {-343 to -90 are
repeated twice) and with the NOS 3' region inserted in the Hind III
site of pBI 121 and with all three genes transcribed in the same
orientation.

Two other constructs had a wound inducible promoter.

The pW lAtt/pBI 121 contains a cassette 2.3 kb fragment with the
attacin

gene

under the control

of a

1.3

kb 5'

region

of the

proteinase inhibitor II gene from potato with a 0.25 kb 3' region of
the same gene.
121.

This fragment is inserted in the Hind III site of pBI

The pWIC38/pBI 121 was the same as above but it contained

the synthetic gene for cercopin (SB-37).
The bacterial cultures were grown in

10

mlof liquid AB Bio

medium {Table 5) for 16 hours on a rotary shaker at 150 rpm under
regime A.

A fter centrifuging 10 minutes at 4500 rpm, the bac

terial pellets were resuspended in MSO at108bacteria/ml
centration.
bacterial

Turgid leaf disks were dipped
suspensions,

blotted

dry

on

for

sterile

returned to the original nurse culture plates.

con

about one minute in
filte r

papers

and

These leaf disks were

co-cultivated with bacteria for two days under Regime A (Table 3).
The

infected

leaf

disks

regeneration-selection

were

medium

then

transferred

(Table 4) which

to
was

the

shoot

sim ilar to

nurse culture medium but without cell suspension and filter papers,
and contained 300 mg/l kanamycin for selection of transformed
cells and 500 mg/l cefotaxim e to suppress the bacterial growth.
Culture plates were incubated under regime A.

After three weeks,

regenerated shoots on the edges of the leaf disks (Figure 22) were
excised and put on rooting medium (Table 4) supplemented with 100
m g/l

kanam ycin

and

300

mg/I

cefo ta xim e .

regenerated later on leaf disks were

Shoots

which

harvested at one-week inter

vals and placed on rooting medium.
S hoots

which

developed

glucuronidase activity

(Jefferson

roots

w ere

1987).

assayed

For the

for

beta-

histochem ical

assay, root tips (3-5 mm long) were excised and placed in 6.4 mm
diameter Cell Wells (Corning) which contained 45 pi of 5-bromo-4chloro-3-indol 1 glucuronide (X-GLUC) solution (Table 15).

The

root tips that turned blue after 15 hr incubation at 37 oc were con
sidered GUS positive (Figure 23) and GUS positive plants were
transplanted in Magenta

GA7 vessels which contained Pro-mix
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(Figure 24).

After one week of acclimatization, plants were trans

ferred into 6 inch azalea pots containing Pro-mix (Figure 25).

Transformation

of

Potato

Tuber

Disks

with

Antibacterial

Genes
Russet Burbank potatoes were used for this experiment.

The

genes encoding for antibacterial peptides were cloned onto pBi 121
plasmid which was put into A grobacterium

tum efaciens strain LBA

4404 by Luis DeStefano in the laboratory of Dr. Jesse Jaynes of the
LSU Biochemistry Department.

These antibacterial genes included

chicken lysozyme with double CaMV 35S prom oter (Ca2 ChLy),
attacin with double CaMV 35S and

wound inducible promoters (Ca2

Att and W l-Att, respectively) and cecropin with double CaMV 35S
promoters(Ca2 C-38 and WI-C38 respectively).
The bacterial cultures were grown in 10 ml of liquid AB Bio
medium (Table 5) for 16 hours on a rotary shaker at 150 rpm under
regime A.

After centrifuging 10 minutes at 4500 rpm, the bac

terial pellets were resuspended in MSO to a 108
concentration.

bacteria/ml

Five Russet Burbank tubers were surface sterilized

and peeled as previously described (Figure 1).

Freshly sliced potato

tuber disks were immersed in 20 ml of bacterial cultures for 5
minutes, blotted dry and placed on nurse cultures.

The nurse cul

tures consisted of potato shoot regeneration medium (Table 14) and
1-1.5 ml of two-week-old tobacco cell suspension. The tuber disks
were co-cultivated with A g ro b a c te riu m two days under regime C.
Tuber disks

were then

transferred

onto

the selection

medium

which, in addition to the components of the regeneration medium,
was supplemented with 50 mg/l kanamycin monosulfate and 500
mg/l cefotaxime (Table 14).

These cultures were incubated under

regime C and subcultured every three weeks.

Transformation
Amino Acid

of Tobacco

Plants with

A High

Essential

(HEAA II) Gene

The synthetic gene that encodes for High Essential Amino Acids
was designed by Dr. Jesse Jaynes and cloned into a binary A .
tu m e fa cie n s vector by Jaeho Kim at LSU Biochemistry Department.
HEAA ll/pBI 121 contains a 280 bp synthetic gene which can encode
for a tetrameric protein high in essential amino acids.

This gene is

controlled by a CaMV 35S promoter and NOS 3' termination sequen
ce.

It has been inserted into Hind III restriction site of pBI 121 at
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ce.

It has been inserted into Hind III restriction site of pBI 121 at

the same orientation with beta-glucuronidase gene.
The bacterial cultures were grown in 10 ml of liquid AB Bio
medium (Table 5) for 16 hours on a rotary shaker at 150 rpm under
regime A.

After centrifuging 10 minutes at 4500 rpm, the bac

terial pellets were resuspended in MSO to a 108
concentration.
N icotia ns

Leaf

disks

from

four-w eek-old,

in

bacteria/ml
w fro -g ro w n

tabacum var. Xantii plants were immersed in bacterial

cultures for about one minute, blotted dry on sterile filter papers,
and placed on nurse culture medium. Nurse culture medium con
sisted of tobacco regeneration medium (Table 4), 1-1.5 ml of 2w eek-old

tobacco

cell

suspension

prepared as described as earlier.
were

regenerated

on

and

a layer of filte r paper

Putativeiy transform ed shoots

regeneration-selection

medium

(Table

4)

containing 300 mg/l kanamycin and 500 mg/l cefatoxim e (Figure
26).

These shoots were then rooted on rooting medium (Table 4)

with 100 mg/l kanamycin and 300 mg/l cefatoxime..
The

rooted

plants

were

screened

for

beta-glucuronidase

activity utilizing a histochemical GUS assay (Jefferson, 1987) run
on excised

root tips

(Figure 23).

GUS-positive plantlets were
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transplanted

into

7 cm

Jiffy

pots

containing

Pro-m ix

and

ac

climatized in plastic boxes under continuous cool white fluorescent
light.

Leaf samples from these plants were taken for fluorometric

GUS assay to determine the level of gene expression.

Incorporation

of HEAA II gene into the plant genome was verified by Southern
hybridization done with plants which showed high expression levels
in fluorom etric assay.

Fluorogenic Assay
The

flu o ro g e n ic

assays

with

modification of procedures used by

tran sge nic

plants

w ere

a

Jefferson (1987), About 0.1 g

of leaf tissue was ground in an Eppendorf tube containing 200 pi of
GUS extraction buffer (Table 15) and about 100 mg of glass beads
using glass rods.

Ten pl of extract were added to 0.5 ml of Assay

Buffer in Eppendorf tubes and mixed thoroughly with a pipette tip.
After 1-2 minutes 100 pi was transferred to an Eppendorf tube
containing 0.9 ml of Stop Buffer to establish a zero reading.
flourescence was

measured with

a TKO

100

(Hoefer Scientific Instruments, San Fransisco).

The

DNA fluorom eter
The extracts with

Assay Buffer were incubated at 37 0C and readings were taken at
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20 minute intervals for 60 minutes and compared against a standard
e s ta b lis h e d

w ith

c o n ce n tra tio n s

of

N a -m e th yl-u m b e llife ro n e

(Sigma) solution.
Total proteins in leaf tissue extracts were determined with BCA
Protein Assay Reagent (Pierce Chemicals, 1988).

Fifty parts of

Reagent A (sodium carbonate, sodium bicarbonate, BCA detection
reagent and tartarate in 0.1 N NaOH) were mixed with 1 part of
Reagent B (4% CUSO4 . 5 H 2 O).

Two ml aliquots of Protein Assay

Reagent were put into disposable cuvettes, and 15 pl of tissue
extract
tion s

and 135 pl of 0, 100, 250, 500, 750 and 1000 pl/ml dilu
of

B ovine

Serum

A lbum in

(acetylated)

(U nited

States

Biochemicals) were added into cuvettes containing 2 ml of Protein
Assay Reagent.

These were incubated 60 minutes at 37 °C and OD

readings were taken at 562 nm with a LKB Biochrom Ultrospec 4050
spectrophotometer.

Results and Discussion

Transformation of Tobacco
T ransform ation

Plants with

experim ents

utilizin g

Antibacterial Genes
an tiba cteria l

genes
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were conducted
(Table

16).

with transgenic and nontransgenic tobacco plants

A total of 384

regenerated from
A g ro b a c te riu m

kanamycin

resistant shoots were

nontransgenic tobacco leaf disks infected with

vectors carrying five antibacterial genes.

When

transferred to rooting medium containing 100 mg/l kanamycin 172
of these produced roots after 3 weeks.
assay, 125 of these were randomly selected.

For histochem ical GUS
Root tips of 40 plants

indicated various levels of GUS activity ranging from light blue to
dark blue in color.
A total of 2071 shoots were regenerated from leaf disks of 9
transgenic tobacco

plants infected with A g ro b a c te riu m

vectors

carrying a different set of antibacterial genes (Table 16). Since
these plants have already

been transformed with neomycinphos-

photransferase (NPT) II gene, control explants regenerated shoots
in

presence of 300

mg/l kanamycin

(Figure 22).

Histochem ical

analysis that identified 9 of 680 shoots that had rooted in medium
containing

100

mg/l

kanamycin

showed

beta-giucuronidase

ac

tivity. Such a (ow frequency of transformation was expected since
there was no selection pressure on the regenerated shoots other
than kanamycin.
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Fluorogenic assay conducted on randomly selected transgenic
tobacco

plants

indicated

various

levels

of

beta-glucuronidase

activity (Table 18).Since the antibacterial genes were fused to betaglucuronidase gene this

suggests that antibacterial genes were

also incorporated into the plant genome. However, this should be
confirmed by Southern hybridization analysis, since it is not un
common that rearrengements occur during the transformation of TDNA to the plant chromosome. High levels of beta-glucuronidase
expression detected by fluorometric assay may suggest more than
one copy of T-DNA was being expressed in the plant.
In the giant silk moth (H ya lo ph ora
an tiba cteria l

genes

are

acting

cecro pia) several of the

together

for

im m unity

against

pathogenic bacteria (Hultmark et al., 1980). Presumabaly for piant
systems too, it would be desirable to incorporate more than one
antibacterial gene into the plant genome for improved bacterial
desease resistance. The development of such constructs would be
more feasible if each of the gene constructs possessed a different
selectable

marker.

Hygrom ycin

B is a w idely

used

selectable

marker for plant transformations, and there are reports on utiliza
tion

of some

herbicide tolerance genes

as selectable

markers
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tion

of some

herbicide tolerance genes

as selectable

markers

(Horsch et al.,1987).
At present, consequences of double or triple transformations
with antibacterial genes have

not been evaluated. There

are reports

indicating that in some cases of double transformations one of the
genes apparently was silenced by the other one.

Transformation of Tobacco Plants with HEAA II Gene
Transformation of tobacco plants with HEAA II encoding gene
is summarized in Table 17. A total of 565 kanam ycin-resistant
shoots

w ere

regenerated

from

leaf

disks

infected

tu m e fa cie n s carrying the HEAA II gene (Figure 26).

with

A .

These shoots

were excised and placed on rooting medium that contained 100
mg/l kanamycin.

After three

weeks in rooting medium, 126 of the

rooted shoots were screened for beta-glucuronidase activity.

Root

tips of 56 plants showed various levels of GUS activity ranging
from light blue to dark blue color (Figure 23). Although kanamycin
resistance due to the expression of neom ycinphosphotransferase
(NPT)II gene in transformed plants is a major indication for trans
formation, regeneration of nontransgenic shoots in the presence of
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kanamycin has been reported (Horsch et a l.t 1987).

Escapes have

been attributed to the protective effect of neighboring transgenic
cells on nontransgenic cells against kanamycin, or loss of stability
of the transformed DNA in later stages of shoot development.
Among the plantlets that showed beta-giucuronidase activity,
36 were transplanted into Jiffy pots.

After the establishm ent of

the plants, fluorogenic assays were done to quantify the expression
of beta-glucuronidase gene.

Fluorogenic GUS assay showed that

some of the tobacco plants transformed with HEAA II gene had high
levels of beta-glucuronidase activity

(Table

19).

High

levels of

expression were probably due to incorporation of several copies of
T-DNA into the plant genome. Although GUS activity is a good
indication for the transform ation, rearrangements on T-DNA after
incorporation in plant genome may silence the other genes trans
form ed

w ith

b e ta -g lu cu ro n id a se .

P re lim in a ry

S outhern

DNA

analysis results indicated that HEAA II DNA was also present in the
transgenic plants. Assays are underway to detect copy numbers of
DNA transferred to these plants.
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Potato
terial

Tuber

Disks

Infected

with

HEAA

II

and

Antibac

Genes

Russet Burbank tuber disks infected with bacteria carrying the
HEAA II gene produced 5 shoots on shoot regeneration medium
containing 50 mg/l kanamycin (Figure 27). One of 3 shoots trans
ferred on rooting medium containing kanamycin bleached, while 2
remained green.
Tuber disks

infected with

Ca2-Attacin

produced

one

shoot

(Figure 28), with WI-C38 one shoot (Figure 29), and with Ca2-ChLy
3 shoots (Figure 30) on medium containing 50 mg/i kanamycin.
When transferred to rooting medium containing kanamycin, two of
the shoots from Ca2-ChLy were bleached. The remaining plants
grew normally.
There were also 4 shoots developed on tuber disks infected
with pBI 121. All of these plants grew normally on rooting medium
containing kanamycin. When sufficient plant material is available
additional assays are planned to verify transform ation of foreign
DNA.
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Table 1.

Species for which the production of transgenic plants has
been reported (Gasser and Fraley, 1989).

HERBACIOUS DICQTS
Tobacco
Tomato
Potato
Lettuce
S u nflo w er
Oilseed rape
Flax
Cotton
Sugarbeet
Celery
Soybean
A lfa lfa
Cucumber
C a rrot
C a u liflo w e r
Horseradish

METHOD2
At, Fp, PG
At, Ar
At, Ar
At
At
At, Ml
At
At
At
At
At, PG
At
At, Ar
At, Ar
At
At

MONOCOTS
Asparagus
Rice
Corn
Orchard grass
Rye

Z

At, Agrobacterium

At
FP
FP, PG
FP
IR

tumefaciens ; Ar, A. rhizogenes; FP, Free DNA

introduction into protoplasts; PG, particle gun; Ml, microinjection;
IR, injection of reproductive organs.
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Table 2. Media compositions for potato tissue culture.
1) Shoot regeneration from tuber disks
z

Basal medium : Murashige and Skoog (1962) salt base, Gamborg's B5
vitamins (100 myo-inositol, 10 thiamine.HCI, 1 nico
tinic acid, 1 pyridoxine.HCI) mg/i, 97.6 mg/l MES (2[N-Morpholino] ethanesulfonic acid), 3.0 % sucrose,
and 0.7 % phytagar (Gibco).
Hormone treatments (pM)

y

:

lndole-3-acetyl-L-aspartate
Zeatin riboside

0
0

1 1
2 4

1
8

2 2
4 8

4
8

2 2 2
101214

2) Single node propogation
Basal medium supplemented with 0.72 pM gibbereliic acid and
8.79 pM Ca-pantothenic acid.
3) Callus induction
Basal medium supplemented with 4.5 pM 2,4-dichlorophenoxyacetic acid.
4) Shoot rooting
Basal medium without MES.

PH of the medium was adjusted to 5.8 with 1.0 N HCI or 1.0 N KOH
prior to adding phytagar, and autoclaving 15 for minutes at 121 °C and
1.05 kg.crrf 2 .
y

Hormones were filter sterilized with 0.2 pm Nalgene syringe filter
and were added when the media had cooled to 45 C.

Table 3 .

REGIME

Incubation conditions used for co-cultivation, regeneration, rooting, and
micropropagation.

LIGHT INTENSITY2
(pmol m ‘ 2* s '1)

PHOTOPERIOD
(hours)

TEMPERATURE
(*2°C)

A

64-78

24

26

B

45-60

16

26

C

1 3 0 -1 4 5

16

26

z Measured with a LI-COR Quantum/Photometer (Model Ll-170), Lambda Instruments Co.
Measurements were taken at the height of the explants. The light source was coolwhite fluorescent lamps.
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Table 4. Media compositions for tobacco tissue culture and transformation.

1) Shoot regeneration from leaf disks
Basal medium:

Hormones:

Murashige and Skoog (1962) salt base, Gambourg's B5
vitamins (100 myo-inositol, 10 thiamine.HCI, 1 nico
tinic acid, 1 pyridoxine.HCI) mg/l, 97.6 MES, 3.0 %
sucrose, 0.7 % phytagar (Gibco).
0.54 pM naphthaleneacetic acid (NAA),
4.4 pM 6-benzylaminopurine (BA).

2) Shoot regeneration-selection y
Shoot regeneration medium supplemented with 300 mg/l kanamycin and
500 mg/l cefatoxime.
3) Shoot rooting
Basal medium without MES.
4) Shoot rooting-selection

y

Basal medium suptemented with 100 mg/l kanamycin and 300 mg/l
cefatoxime.
5) Cell Suspension
Basal medium without phytagar and MES; supplemented with 4.5 pM
2,4-dichlorophenoxyacetic acid.
6) Seed germination
MS salt base, 10 % sucrose, 0.8 % TC agar (Hazelton Biologies, Inc.).
7) Apical shoot propagation
MS salt base, 10 % sucrose, Gamborg’s B5 vitamins, 0.8 % TC agar.
Z PH of the media was adjusted to 5.8 with 1.0 N HCI or 1.0 N KOH
prior to adding agar, and autoclaving for 15 minutes at 121 C
and 1.05 kg.cm’ ?
y Antibiotics were filter sterilized with 0.2 pM Nalgene syringe filter
and were added when media had cooled to 45 C.

z
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Table 5. Compositions of the culture media for Agrobacterium strains.
1) AB Bio Medium for LBA4404
a) AB Salts (10X):

(10 NaH 2 P 04, 30 K 2 HP04 , 10 NH4 CI, 1.5 KCl) g/l.

b) AB Medium:

( 5 glucose, 13X1 O'3CaCl 2 .2H 20, 0.31 MgS04 .7H2 0,
2.5X1 O'3FeS04 .7H2 O) g/900 ml.
Dissolve components of b in 900 ml double distilled water;
autoclave 15 minutes at 121°C; cool to 45°C; add 100 ml of
a (also autoclaved); add 1 ml of filter sterilized biotin so
lution (0 . 2 mg/l).

2)

YEP Medium for A281
(10 Bacto-peptone, 10 Bacto-yeast extract, 5 NaCI) g/l.

3) LB Medium for GV3111 SE
(10 Bacto-trypton, 5 Bacto-yeast extract,

10

NaCI) g/l.

4) YML Medium for R1QOO
YM: (0.5 K 2HPO , 10 mannitol, 2 L-glutamate,

0.2

NaCI,

0.2 MgS04 .7H2 O, 0.3 Bacto-yeast extract) g/l.
To prepare YML medium, mix equal volumes of YM and LB
media before autoclaving.
n

-2

Note: All media were autoclaved 15 minutes at 121UC and 1.05 kg.cm .
The pH was adjusted to 7.0 with 1.0 N HCI or KOH prior to
autoclaving.
For solid media, 15 g/l Bacto-agar was added prior to autoclaving.
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Table

6.

Shoot regeneration from tuber-disks of selected potato cultivars in
response to different ratios of indole-3-acetyl-L-aspartic acid (lAAa)
and zeatin riboside (ZR).
Average number shoots per tuber disk

lAAa-ZR fuMl

RLS-1

RU9-2

RB-1

RB-2

D-1

0-0

0

0

0

0

0

0

0

0

1-2

0

0

0

0

0

0

0

0

1 -4

0

0

0

0

0

0

0

0

1-8

0

0

8.4

0

0 .2

0.2

0

0

2-4

0

0

1.2

0

0

0

0

0

2-8

0

0

1.2

0

0

0

0

1.4

4-8

0

0

0.2

0.2

0

0.4

0

0

2-10

0

0

3.5

0

0. 2

0

0.4

0.4

2-12

0

0

0

1.2

2 .0

0.4

0

0.2

4-12

0

0

0

0

0

0

0

0

£L2 LBi l

LB- 2

z

Five disks were used for each treatment (RLS: Red LaSoda; RB: Russet Burbank;
D: Desiree; LB: LaBelle).
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Table 7. Responses of potato-tuber disks as a function of growth stages
of Agrobacterium.
Averaae number of tumors or 'hairv roots' oer tuber disky
A281

Cultivars 2

RLS-1
RLS-2
RB-1
RB- 2

R1000

16 hr

24 hr

65.2
70.2
56.6
29.2

55.8
44.6
40.0
33.2

24 hr

16 hr
8.8

12.0

9.6

14.8
6.4
3.0

8.8

4.8

RLS: Red LaSoda; RB: Russet Burbank
y
A281: A. tumefaciens ;R1000:A rhizogenes . Disks were exposed by
immersing in bacterial suspension for 5 minutes. Bacteria were in
logarithmic growth phase at 16 hr and stationary phase at 24 hr.
Five tuber disks were used for each treatment.

Table 8 . Analysis of variance of data given in Table 7.
Source

DF

Cultivar
Tuber(Cultivar)
Bacteria
Cult. X Bacteria
Exposure
Cult. X Exposure
Bact. X Exposure
Cult. X Bact. X Exp.
Error

1

** Very significant
*
Significant
NS Nonsignificant

2
1
1
1

Mean Square

F Value

612,5
108.5
6666.7
186.3
117.7

13.39
2.37
145.6
4.07
2.57
0.13
3.66
1.67

6.0
1
1
6

167.7
76.5
45.7

Pr>F
*
NS

0.0106
0.1741

NS
NS
NS
NS
NS

0.0902
0.1599
0.7296
0.1041
0.2434

0.0 001
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Table 9. Responses of potato-tuber disks as a funciton of exposure durations
to Agrobacterium suspension cultures.
Average number of tumors or 'hairy roots’ per tuber disk.y
A281

Cultivars2
RLS-1
RLS-2
RB-1
RB- 2

5 sec

5 min

81.4
57.6
45.4
42.6

65.2
70.2
56.6
29.2

R1000
20

min

59.4
58.2
43.4
40.6

5 sec

5 min

14.0
15.4
17.4
9.2

20

min

0.4
17.0
9.8
9.6

8. 8

9.6
8.8

4.8

2RLS: Red LaSoda; RB: Russet Burbank.
y A281: A. tumefaciens strain; R1000:A. rhizogenes strain. Bacteria had been
incubated for 16 hr (logarithmic growth stage) before disks were treated.
Five tuber disks were used for each treatment.

Table 10. Analysis of variance of data given in Table 9.
Source
Cultivar
Tuber(Cultivar)
Bacteria
Cult. X Bacteria
Time
Cult. X Time
Bact. X Time
Cult. X Bact. X Time
Error
** Very significant
*
Significant
NS Nonsignificant

DF
1
2
1
1
2
2
2
2

9

Mean Square
24230.3
2543.0
241347.9
11135.6
772.7
5.0
1350.2
846.4
1442.0

F Value
9.53
1.76
167.36
7.72
0.54
0.00

0.94
0.59

Pr> F
NS
NS
★*
*
NS
NS
NS
NS

0.0910
0.2258
0.0001

0.0214
0.6027
0.9965
0.4271
0.5760

Table 11. Responses of different potato cultivars to

A. rhizogenes

infections on different culture media.

z
Average number of 'hairy roots' per disk
Treatm ents
MS
MS
MS
MS
MS
WA
WA
WA
WA
WA

Control
R1000 Cef
R1000 R/ 1 2 1 Cef
R/121 Control
R1000 Cef
R1000 R/121 Cef
R/121 -

Total

RLS-1

RLS-2

D-1

D-2

RB-1

RB-2

B-1

B-2

LB-1

LB-2

Total

0

0

0

0

0

0

0

0

0

0

0

10.2

3.6

0.2

0.2

2.6

1.2

9.6

10.8

8 .2

1.8

12

0.6

12.2

5.0
5.2

0 .2

0.4
1.4
3.0

1.8

1.4

14.8
5.2
4.8

64.6
73.4
58.6
57.9

6.8

0

2.0

0.8

12.2

7.4
13.4
13.2
13.2

5.2

14.8
12.4
10.4
9.5

0

0

0

0

0

0

34.0
36.4
22.4
16.0

8.6
8.2

0

0

0

0

0

0

7.6
7.2
5.0
3.2

6.8

0

0

1.6

0.8

7.6

5.8

4.4

0.4

0 .6

1.4

1.4

10.0

6.2

2.2

0

0

0.2

0.6

4.6

1.0

3.8
4.8
3.8

4.2

0.8

0.6

1.2

0.4

0.8

2.0

1.6

1.2

39.6

3.4

60.0

62.2

45.6

53.3

63.0

6.2

22.8

7.2

0

5.0

V iv e disks were used for each treatment. RLS: Red LaSoda; D: Desiree; RB: Russet Burbank; B: Bintje;
LB; LaBelle

"4

ro
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Table 12. Analysis of variance on responses of different potato
cultivars to A. rhizogenes
infections on different media.
Source

DF

Mean Square

C u ltiv a r
Tuber (Cultivar)
B a cte ria
Media
A n tib io tic
Cult. X Bact.
Bact. X Media
Bact. X Anti.
Cult. X Media
Media X Anti.
Cult. X Anti.
Cuit. X Bact. X Media
Cult. X Bact. X Anti.
Bact. X Media X Anti.
Model

4
5
1
1
1
4
1
1
4
1
4
4
4
1
44

155.2
10.8
36.8
268.2
0.1
3.7
1.5
4.5
30.8
2.0
4.4
13.9
2.2
0.0
28.4

Error

35

7.0

**
Very significant
*
Significant
NS Nonsignificant

F Value
22.14
1.55
5.26
38.26
0.02
0.54
0.23
0.65
4.40
0.30
0.64
1.99
0.32
0.00
4.05

Pr> F
* k
NS
*
* *
NS
NS
NS
NS
k
NS
NS
NS
NS
NS

0.0001
0.2006
0.0280
0.0001
0.8900
0.7096
0.6363
0.4254
0.0055
0.5894
0.6401
0.1175
0.8671
0.9967
0.0001
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Table 13. Growth effects of SB-37 and Shiva-1 on plant pathogenic fungi.
FUNGI

LYTIC PEPTIDE CONCENTRATION
iq 3 m

iq 4 m

io 5 m

Phytophthora capsici

—

- -

+

Phytophthora cinnamoni

—

- -

+

Rhizoctonia solani

—

-

+

Alternaria solani

—

- -

+

-

-

+

Verticil Hum dahlia

—

-

+

Helminthosporium carbonum

—

- -

+

Phoma lycopersici

—

- -

+

Geotricum candidum

—

- -

+

Fusahum solani

Notes: Results are based on visual observations by comparing treatments
with the control plates; responses to SB-37 and Shiva-1 appeared
to be the same; {-) indicates inhibition; (+) indicates stimulation;
(—) indicates complete inhibition.
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Table 14. Media compositions for Agrobacterium

transformations of potato.

1) Co-cultivation
z

Basal medium : Murashige and Skoog (1962) salt base, Gamborg's B5
vitamins (Gamborg et al.,'1968) (100 myo-inositol, 10
thiamine.HCI, 1 pyridoxine.HCI, 1 nicotinic acid mg/l),
97.6 mg/l MES, 3.0 % sucrose, 0.7 % phytagar (Gibco)
y

Hormones :

1 p.M indole-3-acetyl-L-aspartate,
[iM zeatin riboside

8
2)

Regeneration-selection

3) Shoot regeneration
from callus

4) Callus

MSO

Co-cultivation medium supplemented with
500 mg/l cefotaxime and 50 mg/l kanamycin

Basal medium supplemented with
500 mg/l cefotaxime and
a) 28.8 pM GA+ 1 0 jiM BA,
b) 10 pM BA+ 28.8 pM GA,
c) 28.8 (iM GA+ 4.9 |i.M zeatin riboside, or
d) 4.9 pM zeatin riboside+ 28.8 p.M GA.

growing Basal medium suplemented with 4.5 *iM 2,4-D and
500 mg/l cefotaxime.

5) Shoot rooting
6)

y

Basal medium suplemented with 50 mg/l kanamycin
and 300 mg/l cefotaxime.

Murashige and Skoog (1962) sail base and 3.0 % sucrose.

Z pH of the medium was adjusted to 5.8 with 1.0 N HCI and 1.0 N KOH prior
to adding phytagar, and autoclaving for 15 minutes at 121 C and 1.05 kg.cm .
y
Hormones and antibiotics were filter sterilized with 0 .2 p.m Nalgene
syringe filter and added after the media cooled to 45 C.
X

GA in treatments b and d were filter sterilized and added after autoclaving.

76

Table 15. Solutions for beta-glucuronidase activity (GUS) assays.

Histochemical assay
Volume (ml)
0.2 M NaPO buffer
distilled water
0.1 M K3 [Fe(CN)6 ]
0.1 M K4 [Fe(CN)6 ]. 3 H20
1.0M Na2.EDTA

25.0
24.0
0.25
0.25
0.50

Add 50 mg of X-GLUC (5-bromo-4-chloro-3-indolyl-beta-D-glucuronide) to the solution above and stir until dissolved (30 min).
Fluorogenic assay
GUS Extraction Buffer:
50 mM NaP04 (pH 7.0)
10 mM beta-Mercaptoethanol
10 mM Na2,EDTA
0.1 % Sodium Lauryl Sarcosine
0.1 % Triton X-100
Distilled water

50.0
0.7
20.0
10.0

10.0
990.0

Assay Buffer:
1 mM 4-Methylumbellferyl beta-D-glucuronide (MUG).
(dissolve 22 mg MUG in 50 ml GUS Extraction Buffer).
Stop Buffer:
M Na2C03
(dissolve 2 1 . 2 g Na2C03 in

0.2

1

liter distilled water).
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Table 16. Number of shoots, rooted shoots and beta-glucuronidase (GUS) po
sitive plants produced from transgenic and nontransgenic tobacco
leaf disks infected with Agrobacterium vectors carrying different
antibacterial genes.

Transgenic plants
-----------A tt-B *
Control
Ca2-C38y
Ca2-ChLyy
WI-C38 y

00

S

Shoots rooted and
tested for GUS activity

105
16
50
80

76
2
27
32

25
50
25
30

14
21
7
19

25

15

100

22

86
35

26
21

65
45
110
80

29
31
33
27

GUS positive

2

A t t - 6Z
Control
Ca2-C38
Ca2 -ChLy
WI-C38
A tt-E Z
Control
Ca2-C38
Ca2-ChLy
WI-C38
C38-R
Control
C a 2 -A ttV
Ca2 -ChLy
W l-A tt*

continued..
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Table 16. continued
C38-F

Shoots

Control
Ca 2 -A tt
Ca2 -GhLy
W l-A tt

50
75
90
60

Shoots rooted and
tested for GUS activity
36
27
29
39

GUS positive
_
2

1

C38-152
Control
Ca2-Att
Ca2-ChLy
W l-A tt
ChLy-Z

25
100
99
75

20

35
225
90
20
70

30
62
32
7
21

28
28
31

2

Control
Ca2-C38
Ca2-Att
WI-C38
W l-A tt
ChLy-22
Control
Ca2-C38
C a2-Att
WI-C38
W l-A tt

2
22

10

70
135
55
80

26
28
17
30
continued.
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Table 16. continued
ChLy-1 p y

Shoots

Control
Ca2-C38
C a2-A tt
WI-C38

Shoots rooted and
tested for GUS activity

25
15
40

4
22

6 5

42

6

GUS positive
_

x

Nontransgenic plants
NtXI_______
Ca2-C38
Ca2-Att
Ca2 -ChLy
W l - At t
WI-C38

15
45
40
40
60

3
26
18
21
26

1
2

2

2
17
21

2

22

7

16

8

6

7
7

NtX2_______
Ca2-C38
Ca2-Att
Ca2-ChLy
W l - At t
WI-C38

20
50
50
45

Genes cloned on pMON 316 used to obtain original transgenic plants.
y

Genes cloned on pBI 121 to transform transgenic and nontransgenic plants.

X

Two tobacco { Nicotiana tabacum

var. Xantii) plants designated as 1 and 2 .

Table 17.

V e c to r

Number of shoots, rooted shoots, and beta-glucuronidase (GUS) positive
plants produced from tobacco leaf disks infected with
A g ro b a c te riu m
carrying high essential amino acid (HEAA) II gene.
Number of
leaf disks

Shoots

Rooted
shoots

Tested
for GUS z

GUS
p o s itiv e

pBI 121

10

60

32

25

10

HEAA ll-A

30

205

103

50

22

HEAA ll-B

35

25 5

153

50

28

HEAA ll-D

15

60

30

11

4

HEAA ll-E

10

45

15

15

2

z

Randomly selected from among the shoots which produced roots.
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Table 18. Beta-glucuronidase activity in tobacco plants transformed
with antibacterial gene constructs on pBI 121.
beta-glucuronidase activity
(nmol/min/mg protein)
A tt-B /W I-C 3 8 -1

10.43

A tt-B /W I-C 3 8 -2

24.58

W I-C38-1

318.05

W I-C 38-2

148.63

Ca2-C38

172.78

W I-A tt-1

47.20

W I-A tt-2

18.98

C a 2 -A tt

24.88

pBI 121

63.10

Control

4.68

82

Table 19. Beta-glucuronidase activity in tobacco plants transformed with
high essential amino acids (HEAA) II gene cloned on pBI 121.
beta-glucuronidase activity
(nmol/ min/ mg protein)
HEAA IIA1
HEAA IIA2
HEAA 11A3
HEAA IIA4
HEAA IIB1
HEAA IIB2
HEAA IIB3
HEAA MB4
HEAA IIB5
HEAA IIB6
HEAA IIB7
HEAA IIB8
HEAA IIB9
HEAA IID1
HEAA IID2
HEAA IIE1
pBI 121 1
pBI 121 2
Control

40.6
72.1
24.5
39.3
33.9
558.0
38.2
55.8
63.9
33.4
70.0
56.1
53.2
468.5
51.5
740.4
63.1
355.0
4.6
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Figure 1. Procedure utilized for preparation of potato-tuber-disk
explants;
A) Cork borer {1.2x11 cm) w ith glass rod for
extracting tuber cylinders, B) T uber cylind er, C) Equally
spaced (3 mm) series of double-edged razor blades, D) Tuberdisk (12 x 3 mm) explants, and E) Peeled potato tuber from
which two tuber cylinders have been extracted.
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CaMV 35S Promoter

8-Glucurondiase (GUS)

NQS-ter

m
m

EcoRt

NPTII (Kan R)

Figure 2. The restriction map of a 3 kb GUS cassette and a 10 kb plasm id fragm ent of the
plasm id pBI 121 digested with H ind lll and EcoRI restriction endonucleases (Clontech
Laboratories, inc., Palo Alto, CA.)
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Tl -DNA
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Tr -DNA
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6a 6b

3

17A
32

Bam HI

20

19A

Eco RI

Knr/ "

MM

%

piTiB6S3SE

/' A
BH

2'

Bam HI

-.
H

B

Figure 3. Construction and structure of the disarmed pTiB6S3-SE plasmid. A
4.5-kb Bam Hi-Eco RI fragment 8' (from Bam HI fragment 8) and a 6.0-kb Eco
Rl-Bam HI fragment 2 ‘ (from Bam HI fragment 2) provide homology for replace
ment of most of greater than 80% of the T lT-DNA and the entire T R DNA with
the 1.2-kb Tn903 segment carrying bacterial kanamycin resistance. The
resulting pTiB6S3-SE plasmid carries only the T l left border and intact
transcripts 5 and 7 which are not involved in disease production.
(Rogers et al., 1988)
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Nopaline Synthase
NRB
Hpal

pMON200
9.5 KB

pBR322

St uI

Ti homology
LIH
HINDIII

Xhol

NOS-NPTil-NOS

Bg II

Xbal

EcoHV

Clal

EcoRI

Figure 4. Map of the cointegrating intermediate transformation vector pMON2 0 0 .
All of the restriction endonuclease sites shown are unique. The'd' superscript
denotes a site that is cleavable only in DNA prepared from a dam methylasedeficient E. coli host. A detailed description appears in the text.(Rogers et al,
1988)
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Figure 5. Regeneration responses from tuber disks of Russet
Burbank exposed to 1 pM indole-3-acetyl-aspartic acid (lAAa)
and 8 pM zeatin riboside (ZR). Note the shoots apparent on
Russet Burbank-1, and the callus only on Russet Burbank-2.

Russel BorbouwWf

Russel Borbo*iltL

XAAa+ 2 R*

90

Figure 6. Effects of kanamycin monosulfate (50 mg/l) on growth of
potato-stem explants from the cultivars Desiree, LaBeile, and
R usset Burbank. The LaBeile desig na tion before being
named was 01-38.
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Figure 7. Effect of media composition on growth of ’hairy roots'
induced by infection of potato tuber disks with A. rhizogenes
strain R1000 harbouring a pBI121 plasmid. A) Murashige and
Skoog (1962) salts and B) Water agar. Cultivar was Bintje (B).
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Figure 8. Responses of different potato cultivars five weeks after
exposure to A. tum efaciens strain LBA4404. Desiree, Russet
Burbank and LaBeile tuber disks produced shoots when left on
the regeneration medium.
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Figure 9. Responses of different potato cultivars to infection with
A. t u m e f a c i e n s strain LBA4404 harbouring a pBI 121
plasmid. The many tumorous calli suggest contamination by
wild types.
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Figure 10. Responses of different potato cultivars to infection with
wild-type A. tum efaciens strain A281.
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Figure 11. Responses of different potato cultivars to infection with
wild-type A. tumefaciens strain A281 harbouring a pMON 530
plasmid.
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Figure 12. Responses of different potato cultivars to infection with
w ild -ty p e A. tum efaciens strain A281 harbouring a pBI 121
plasm id.
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Figure 13. Responses of different potato cultivars to infection with
disarmed A. tumefaciens strain GV3111 SE.
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Figure 14. Responses of different potato cultivars to infection with
disarmed A. tumefaciens strain GV3111 SE harbouring a pMON
200 plasmid. When left on the regeneration medium Desiree
produced one shoot.
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Figure 15. Responses of different potato cultivars to infection with
disarmed A. tumefaciens strain GV3111 SE harbouring a pMON
730 piasmid. When left on the regeneration medium Russet
Burbank produced one shoot which later became vitrified and
ceased growing.
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Figure 16. Amino acid sequence of lytic peptides Cecropin-B, SB-37
and Shiva-1. Cecropin-B is the natural peptide synthesized by
giant silk moth (Hyalophora cecropia). SB-37 and Shiva-1 are
synthetic peptides.

Amino Acid Sequence of Lytic Peptides
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Figure 17. Effects of SB-37 on growth of plant pathogenic fungus
Phytophthora capsici.
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Figure 19. Effects of SB-37 on growth of 'Bright Yellow' tobacco
cells. Levels of SB-37 are indicated on petri plates.
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Figure 20. Effects of SB-37 on growth of tobacco cells.
The plates containing 10"3M were used as the zero growth.
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Figure 21. F1 generation of transgenic tobacco plants showing 3:1
segregation ratios on medium containing kanamycin. Plants
were transformed with the pMON 316 plasmid which contained
attacin gene. The smaller, lighter-colored seedlings did not
survive in the presence of kanamycin. Other seedlings provided
tra n s g e n ic
p la n t
m a te ria l
fo r
d o u b le
tra n s fo rm a tio n
experim ents.
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Figure 22. Kanamycin resistant shoots produced on transgenic
tobacco leaf disks exposed to A. tum efaciens strain LBA4404
carrying the plasmid pBI 121 with different antibacterial gene
constructs. O riginal transgenic plant was transform ed with
attacin. Second set of genes are indicated on petri plates. Note
th a t control plants also produced shoots in presence of
kanam ycin.
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Figure 23. Root tips from transgenic tobacco plants showed various
levels of blue color when incubated 15 hr at 37 °C in a solution
of 5 -b ro m o -4 -c h lo ro -3 -in d o ly l-1 -g lu c u ro n id e
in d ic a in g
a
positive GUS activity.
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Figure 24. Double transformed tobacco plant which carries attacin
and wound inducible C-38 genes was transferred to soil after
histochemical GUS assay.
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Figure 25. A fte r
plants w ere
assays were
established in

acclim atization in Magenta vessels, transgenic
transferred to 6 " pots. Southern hybridization
done on plants sim ilar to these that had been
pots.
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Figure 26. Kanamycin resistant shoots produced on tobacco leaf
disks infected with A. tum efaciens strain LBA4404 carrying a
pBl 121 plasmid with HEAA II gene construct. Note that control
leaf disks did not produce any shoots and bleached in presence
of kanamycin. Leaf disks infected with pBl 121 and HEAA I!
genes produced shoots in presence of 300 mg/l kanamycin.
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Figure 27. Kanamycin resistant shoots produced on Russet Burbank
tuber disks infected with A. tu m e fa cie n s strain LBA4404
carrying a pBl 121 plasmid with HEAA II gene.
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Figure 28. Russet Burbank tuber disks infected with A. tum efaciens
strain LBA4404 carrying a pBl 121 plasm id with Ca2-Attacin
gene produced one shoot on medium containing kanamycin.
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Figure 29. Russet Burbank tuber disks infected with A. tumefaciens
strain LBA4404 carrying a pBl 121 plasm id with wound
inducible C38 gene produced one shoot in presence of
kanamycin.
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Figure 30. Russet Burbank tuber disks infected with A. tumefaciens
strain LBA4404 carrying a pBl 121 plasmid with Ca2-ChLy
gene construct regenerated 3 shoots on medium containing 50
mg/l kanamycin.
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